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Motivation for ASRMotivation for ASR
Pressure on freshwater supplies to meet Pressure on freshwater supplies to meet 
anticipated needsanticipated needs

Desalination, water recyclingDesalination, water recycling
Conservation, improving water efficiencyConservation, improving water efficiency

Need for temporary storage of water during Need for temporary storage of water during 
times of abundance and recovering that water in times of abundance and recovering that water in 
times of needtimes of need
New storage above ground is limitedNew storage above ground is limited

Dams, reservoirsDams, reservoirs
Evaporative losses, land consumption, ecological impact, and Evaporative losses, land consumption, ecological impact, and 
sediment accumulationsediment accumulation

Increased interest in storing water underground Increased interest in storing water underground 
as part of a larger water management strategyas part of a larger water management strategy
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Technical Components of ASR (MUS)Technical Components of ASR (MUS)

SOURCE WATER
Quality
Quantity
Duration
Reliability

RECHARGE 
METHOD
Land Availability
Aquifer Types
Location
Flood Control

STORAGE ZONE
Duration
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Water Quality 
Changes
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Efficient Recovery of 
Recharge Water

END USE
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Principal methods of aquifer rechargePrincipal methods of aquifer recharge

Presenter�
Presentation Notes�
NRC, 2008
�



Selected Issues Considered by Selected Issues Considered by 
the  NRC Committeethe  NRC Committee

NomenclatureNomenclature
HydrogeologyHydrogeology

Local/regional hydrogeologic settingLocal/regional hydrogeologic setting
LandLand--use; accessuse; access
Hydrogeochemical settingHydrogeochemical setting

WaterWater--quality changesquality changes
Transformations and attenuationTransformations and attenuation
WaterWater--rock interaction and redoxrock interaction and redox

Project developmentProject development
MonitoringMonitoring
Recovery efficiencyRecovery efficiency
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Reese and Alvarez-Zarikian, 2007

ASRForum.com

What to do about What to do about 
nomenclature inconsistency?nomenclature inconsistency?

mixing
treatment

transition
buffer

attenuation



Mixing of waters with different Mixing of waters with different 
recharge methodsrecharge methods
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Hydrogeological IssuesHydrogeological Issues

Is there enough underground space to store the Is there enough underground space to store the 
anticipated volume of water?anticipated volume of water?
What is the nature of the subsurface?What is the nature of the subsurface?
How far and how fast will the stored water How far and how fast will the stored water 
travel in the aquifer?travel in the aquifer?
What method will be used to recover the water, What method will be used to recover the water, 
single or multiple wells?single or multiple wells?
How much of the stored water is intended to be How much of the stored water is intended to be 
recovered?recovered?
What are the shortWhat are the short--term and longterm and long--term impacts term impacts 
of the system (e.g., of the system (e.g., wqwq changes, clogging)?changes, clogging)?
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ApproachesApproaches

Prepare GIS maps of favorable aquifers Prepare GIS maps of favorable aquifers 
and hydrogeological characteristicsand hydrogeological characteristics
Characterize siteCharacterize site
Develop a site conceptual modelDevelop a site conceptual model
Role for analytical and numerical modelsRole for analytical and numerical models
Predict longPredict long--term effects on the term effects on the 
surrounding physical systemsurrounding physical system
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Brown, 2006

Plan Formulation Plan Formulation –– ““ASR Well ASR Well SitingSiting””

Compile GIS coverages of Compile GIS coverages of 
source water quality, source water quality, 
groundwater quality, land groundwater quality, land 
use, location of FAS well use, location of FAS well 
users, etc..users, etc..
Subdivide CERP ASR Study Subdivide CERP ASR Study 
Area into discrete Area into discrete sitingsiting
polygonspolygons
Develop ASR Develop ASR ““Suitability Suitability 
IndexIndex”” for each polygonfor each polygon
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… plus numerous geophysical techniques
• seismic
• TDEM
• CSAMT…



3D Characterization
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Aquifer characterizationAquifer characterization

Spatial and temporal impactsSpatial and temporal impacts
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Subsurface ProcessesSubsurface Processes

Water quality differences when mixing of Water quality differences when mixing of 
recharge water with groundwaterrecharge water with groundwater
Dynamic in both space and timeDynamic in both space and time

Redox reactionsRedox reactions
Precipitation/DissolutionPrecipitation/Dissolution
Sorption of organic compoundsSorption of organic compounds
Ion exchangeIon exchange
Particle and microorganism transportParticle and microorganism transport
Microbial inactivationMicrobial inactivation
BiotransformationsBiotransformations
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BenchBench--scale leaching study: Okeechobee scale leaching study: Okeechobee 
ASR SW (treated) and NGWASR SW (treated) and NGW
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THM THM PersistencePersistence at Yakima, WAat Yakima, WA

Recharge

Storage

Recovery
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Removal of Removal of 
THMsTHMs

Nitrate
Reducing

CH4
Production

Anoxic Aquifer at Anoxic Aquifer at 
the Bolivar site, the Bolivar site, 
near Adelaide, near Adelaide, 
AustraliaAustralia

Presenter�
Presentation Notes�
NRC, 2008�



Water quality considerationsWater quality considerations

Presenter�
Presentation Notes�
NRC, 2008�



Water quality considerationsWater quality considerations
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NomenclatureNomenclature
HydrogeologyHydrogeology

Local/regional hydrogeologic settingLocal/regional hydrogeologic setting
LandLand--use; accessuse; access
Hydrogeochemical settingHydrogeochemical setting

WaterWater--quality changesquality changes
Transformations and attenuationTransformations and attenuation
WaterWater--rock interaction and redoxrock interaction and redox

Project developmentProject development
Recovery efficiency Recovery efficiency 
MonitoringMonitoring
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RecoveryRecovery efficiencyefficiency

Cumulative (System)Cumulative (System)

OperationalOperational

Sheng and others, 2007Sheng and others, 2007
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Roles for MonitoringRoles for Monitoring

Establish the feasibility of the site by Establish the feasibility of the site by 
characterizing the hydrogeology and water characterizing the hydrogeology and water 
quality issuesquality issues
Obtain parameters for design and operationObtain parameters for design and operation
Determine the need for preDetermine the need for pre-- or postor post--treatment of treatment of 
the waterthe water
Comply with regulatory requirementsComply with regulatory requirements
Document the performance to build trustDocument the performance to build trust
Become proactive for emerging contaminant Become proactive for emerging contaminant 
issuesissues
Adjust system operation (adaptive management)Adjust system operation (adaptive management)



Sheng and others, 2007
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Monitoring: What & WhyMonitoring: What & Why
Adaptive approachAdaptive approach
Well Well location(slocation(s))

Preferential flow pathsPreferential flow paths
Sentinel and ambient/native well?Sentinel and ambient/native well?

Data assessmentData assessment
Context of flow path and Context of flow path and redoxredox conditions during conditions during 
all phases of recharge and recovery (e.g., ASR all phases of recharge and recovery (e.g., ASR 
versus ASTR)versus ASTR)
Temporal and spatial variabilityTemporal and spatial variability
SW heterogeneitySW heterogeneity
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Good Monitoring PracticeGood Monitoring Practice
One or more monitoring wells installed One or more monitoring wells installed 
depending on site complexity and sizedepending on site complexity and size
Baselines for monitoring are the drinking water Baselines for monitoring are the drinking water 
MCLsMCLs
For waters of more impaired origin, there may For waters of more impaired origin, there may 
be additional contaminants of concern in the be additional contaminants of concern in the 
recharge waterrecharge water

Pharmaceuticals and personal care productsPharmaceuticals and personal care products
Endocrine disrupting compounds (Endocrine disrupting compounds (EDCsEDCs))
Trace metals and other organicsTrace metals and other organics

Anticipate future regulatory developments Anticipate future regulatory developments 
Manage analytical costs:Manage analytical costs:

DonDon’’t go overboard (e.g., trace organics)t go overboard (e.g., trace organics)
Give careful thought on what will be usefulGive careful thought on what will be useful
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Removal Efficiencies for Removal Efficiencies for 
Pharmaceuticals Pharmaceuticals 
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Surrogates and IndicatorsSurrogates and Indicators

Conflict between the need for complete Conflict between the need for complete 
information and the need to keep costs information and the need to keep costs 
reasonablereasonable
TOC/DOC can signal the presence of TOC/DOC can signal the presence of 
wastewaterwastewater
Group chemicals by common properties Group chemicals by common properties 
and behaviorand behavior
Establish a priority list of chemicalsEstablish a priority list of chemicals
Microbial indicators remain a challengeMicrobial indicators remain a challenge

Fecal bacteria widely usedFecal bacteria widely used

Presenter�
Presentation Notes�
NRC, 2008�



Monitoring: What & WhyMonitoring: What & Why
South Australia EPA Code of Practice of ASRSouth Australia EPA Code of Practice of ASR

In some cases the impact of certain ground water pollutants In some cases the impact of certain ground water pollutants 
can be diminished over time due to natural processes within can be diminished over time due to natural processes within 
the aquifer. Chemical, physical and microbiological the aquifer. Chemical, physical and microbiological 
processes can occur to ameliorate the harm or potential processes can occur to ameliorate the harm or potential 
harm caused by these pollutants. Attenuation zones can harm caused by these pollutants. Attenuation zones can 
apply in a similar way to that in which mixing zones apply to apply in a similar way to that in which mixing zones apply to 
surface waters. surface waters. Water quality objectives do not need to be Water quality objectives do not need to be 
met within the defined attenuation zone but would apply met within the defined attenuation zone but would apply 
outside the attenuation zone.outside the attenuation zone.

The EPA may grant an exemption from water quality criteria The EPA may grant an exemption from water quality criteria 
for the discharge of waste into underground waters for the discharge of waste into underground waters if if 
monitoring can show that the concentration of pollutants is monitoring can show that the concentration of pollutants is 
reduced by physiochemical and microbiological processes.reduced by physiochemical and microbiological processes.
It is strongly recommended that a monitoring program be It is strongly recommended that a monitoring program be 
designed and interpreted by a qualified professional designed and interpreted by a qualified professional 
hydrogeologisthydrogeologist, with the goal of protecting the environment., with the goal of protecting the environment.
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Research recommendationsResearch recommendations

Surface water Surface water –– groundwater interaction groundwater interaction 
and ecological impactsand ecological impacts
Hydrologic feasibility (e.g., dual porosity, Hydrologic feasibility (e.g., dual porosity, 
nonnon--DarcianDarcian flow, MW placement, etc.)flow, MW placement, etc.)
Technology/methodology enhancement Technology/methodology enhancement 
(e.g., surface and borehole geophysics, (e.g., surface and borehole geophysics, 
cycle test design, conceptual models, etc.)cycle test design, conceptual models, etc.)
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Concluding RemarksConcluding Remarks
Improvements in source water quality can occur Improvements in source water quality can occur 
in ASR systemsin ASR systems
ASR systems can operate for long time periods ASR systems can operate for long time periods 
SiteSite--specific performance needs to be specific performance needs to be 
documenteddocumented

Site characterization and suitabilitySite characterization and suitability
Failures have occurredFailures have occurred
Risk for subsurface contaminationRisk for subsurface contamination
Role for geochemical monitoring and modelingRole for geochemical monitoring and modeling

ASR is a valuable approach in conjunction with ASR is a valuable approach in conjunction with 
other water management strategies to satisfy other water management strategies to satisfy 
the demand for water and cope with water the demand for water and cope with water 
scarcityscarcity
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Regulatory RecommendationsRegulatory Recommendations

Improve consistency among Federal and state programsImprove consistency among Federal and state programs
UIC addresses recharge wells; requirements for infiltration basiUIC addresses recharge wells; requirements for infiltration basins vary ns vary 
among statesamong states
Diversion of surface water to groundwater might undermine MUS Diversion of surface water to groundwater might undermine MUS 
systemssystems

States should help in defining property rights for water before,States should help in defining property rights for water before,
during, and after it is stored undergroundduring, and after it is stored underground
ScienceScience--based criteria should be developed to help determine based criteria should be developed to help determine 
adequate subsurface residence time or travel distance of adequate subsurface residence time or travel distance of 
recharged water before withdrawal for later userecharged water before withdrawal for later use
Provide discretion to weigh the overall benefits of MUS while Provide discretion to weigh the overall benefits of MUS while 
protecting groundwater quality (flexible as opposed to rigid protecting groundwater quality (flexible as opposed to rigid 
antidegradationantidegradation policy)policy)
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Institutional considerations
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Institutional considerations
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Institutional considerations
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